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Context of the work: 

D. Goldhaber-Gordon et al..  
Nature’98 

Kouwenhoven, Glazman, Physics World’01 

Description:  Anderson model of a quantum impurity embedded 
in a host with constant density of states 

 90-ties:  problem of impurity in a complex medium: 
 a host with pseudogap in its density of states - QPT        
  „strong coupling regime”↔ „local moment regime”  

Witthoff, Fradkin, PRL’90 



Model: Two quantum dots in A.-B. ring 

 Kondo dot 

P.S.  J. Phys. Condens. Matter 25 085303 (2013) 



 2D electron gas with strong confinement  
 in y direction: 

Cronenwett, Thesis 2001 y 

x 

z 

Sun, Wang, Guo, PRB 71, 165310 (2005) 

 Rashba effect 



Properties of the host 

Generalized density of states of the host: 

Effective splitting: 

Green’s function of QD1 in non-interacting case: 

How about strong electron correlations ? 

Anderson impurity in a compound  host 
Kondo dot 

Complex host 



C. Lacroix, J. Phys. F: Met. Phys. 11, 2389 (1981) 
V. Kashcheyevs, A. Aharony, O. Entin-Wohlman, PRB 73, 125338 (2006) 

 QD1 with Coulomb interactions (EOM: Lacroix approximation) 



 Electron correlations  at Fermi level for different effective phases Фσ  



Spectral densities of the Kondo dot 



How does the system behave  on Fermi level ? 

it corresponds to Kondo temperature 
in Lacroix approximation  





How the existence of spin dependent pseudogap manifests in electron transport ? 



Electron transport  through the device  

Y. Meir, N.S. Wingreen, Phys. Rev. Lett., 68, 2512 (1992) 



Conductance in the limit of zero bias  



1 

Noninteracting case, T=0: emergence of dark states 







Interacting case with Kondo dot in the upper A.-B. arm (T finite) 



The minimum deepens with increase of temperature ! 



How these results will be modified when the phase  
coherence length  is smaller than the circumference  
of the ring , lφ < R ? 
 
Example: 
 Interacting quantum dots act as dymanical scatterers.  Shortening of lφ  by Coulomb 
 interactions has been  experimentally  proven in  GaAs/AlGaAs  heterostructure 
[Yacoby et.al Phys. Rev. Lett. 66, 1938 (1991)] 

When lφ < R  

Fano-Kondo 
resonance 



• No spin polarization 
 
• the minimum of Fano resonance 
   deepens with decrease of  
   temperature 



 
Conclusions: 
 
• combined action of Aharonov-Bohm and Rashba fields can produce  
  spin-dependent pseudo-gap in the investigated system 
 
• spin polarization at Fermi energy is generated by  spin selective diminishing of   
   strong  electron  correlations  on the Kondo QD level  
 
• appearance of the „dark states” in a parallel DQD system as result of QD level 
   coupling to the host with pseudogap 
 
• spin polarization  of zero-bias conductance depends crucially on the phase  
   coherence length (activation or not spin dependent pseudogap) and has unusual 
   temperature dependence for lφ > R 
 
 
 
 

 


